SPACE

GEORGE C. MA/ISIM[[ FLIGHT
& o

5 LAUNCH VEHICLE 190-7042
AG-501 APOLLG

Uncltas
DG5S 27071

SATURN V LAUNCH VEHICLE
FLIGHT EVALUATION REPORT-AS-501
APOLLO 4 MISSION

" (ACCESSION NUMBER)

932

(PAGES)

B T /MX-60 %l

(NASA CR ORTMX OR AD NUMBER)

FF No. 602(D)
Z
l

PREPARED BY
SATURN V FLIGHT EVALUATION WORKING GROUP

B MSFC - Form 774 (Rev October 1967)






GEORGE C. MARSHALL SPACE FLIGHT CENTER

MPR-SAT-FE-68-1

SATURN V LAUNCH VEHICLE

FLIGHT EVALUATION REPORT - AS-501
APOLLO 4 MISSION

PREPARED BY
SATURN V FLIGHT EVALUATION WORKING GROUP






iece

isp

Front






MPR-SAT-FE-68-1

SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-50T
APOLLO 4 MISSION

By
Saturn Flight Evaluation Working Group
George C. Marshall Space Flight Center
ABSTRACT

Saturn V AS-501 (Apollo 4 Missijon) was Taunched at 0700:01 Eastern Standard
Time on November 9, 1967 from KSC LC39, Pad A. The vehicle Tifted off on
schedule, on a launch azimuth of 90 degrees east of north and rolled to a
flight azimuth of 72 degrees east of north. The actual trajectory was near
nominal.

AT major systems performed within design Timits and close to predicted
values throughout flight. Although no malfunctions or deviations occurred
that adversely affected flight or mission, certain refinements for future
flights are indicated in camera coverage, S-IVB CVS instrumentation, S-IC
propulsion, S-II propulsion, and S-IVB propulsion.

Any questions or comments pertaining to the information contained in this
report are invited and should be directed to:

Director, George C. Marshall Space Flight Center

Huntsville, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation Working Group
R-AERO-F (Phone 876-4575)
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FLIGHT TEST SUMMARY

Saturn V Space Vehicle AS-501 (Apollo 4 Mission), first of the Saturn V
series vehicles, was launched at 07:00:01 EST on November 9, 1967, and plac
Apollo Spacecraft 017 in orbit. The flight was the first in a series of R&l
test flights in which the primary objective is to qualify the Saturn V laun
vehicles, the Apollo spacecraft, and the ground systems for the Lunar Landii
Mission. Three highly significant milestones were successfully achieved on
this mission; the first flight of the S-IC stage, the first flight of the
S-11 stage, and the re-ignition in orbit of the S-IVB stage. A1l mission
objectives as listed in Appendix C were achieved.

AS-501 was launched from Complex 39, Pad A at Cape Kennedy, Florida,on
schedule. Two unscheduled holds occurred because of: 1) minor difficultie
causing launch operations to fall behind the clock, and 2) a range safety
command receiver check difficulty. The 3 hours and 59 minutes lost by thes
unscheduled holds were absorbed by the 7.5 hours of scheduled hold time. N
recycling of the count was required because of these holds.

The vehicle was launched on an azimuth of 90 degrees east of north and afte
11.06 seconds of vertical flight, (which included a small yaw maneuver for
tower clearance) AS-501 began to roll into a flight azimuth of 72 degrees
east of north. The actual trajectory of AS-501 was close to nominal. The
space-fixed velocity at S-IC OECO was 19.80 m/s (64.96 ft/s) Tower than
nominal. At S-II cutoff it was 38.61 m/s (126.67 ft/s) lower than nominal
and 1.24 m/s (4.06 ft/s) lower than nominal at S-IVB first burn cutoff. At
S-IVB first burn cutoff the altitude was 1.17 kilometers (0.63 n mi) higher
than nominal and the surface range was 44.17 kilometers (23.85 n mi) greate
than nominal. The cross range velocity deviated 1.52 m/s (4.99 ft/s) to th
right of nominal at S-IVB first burn cutoff. At waiting orbit injection
the actual values of the targeting parameters were very close to nominal.
The eccentricity was 0.0028 less than nominal, the inclination was 0.011
degrees less than nominal, the node was 0,004 degrees greater than nominal
and C3 was 187,669 m2/s2 (2,020,050 ft2/s2) less than nominal. At waiting
orbit injection the total space-fixed velocity was 11.4 m/s (37.4 ft/s)
greater than nominal and the altitude was 24.25 kilometers (13.09 n mi)

less than nominal.

A11 S-IC stage propulsion systems performed satisfactorily throughout fligh
The stage thrust and propellant flowrates were 0.41 percent and 0.80 percer
higher, and the specific impulse was 0.39 percent Tower than predicted,
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based upon flight simulation results. Stage reconstruction indicated that
the thrust was 0.6 percent higher and the specific impulse and flowrate
were 0.19 and 0.233 percent lower than predicted respectively. Inboard
engine cutoff occurred approximately as predicted, and outboard engine
cutoff occurred 1.13 seconds earlier than predicted. Outboard engine
cutoff was initiated by LOX depletion.

The S-1T propulsion system operation was satisfactory. On the basis of
flight simulation, the overall average S-II stage thrust and mass loss

rate were 1.17 percent and 1.30 percent lower than predicted respectively.
The specific impulse was higher by 0.14 percent during high mixture ratio
~operation. At the 60 second time slice the stage reconstruction showed the
thrust and mass loss rate to be 1.4 and 1.7 percent lower than predicted,
and the specific impulse to be 0.23 percent higher than predicted. The
propellant management system performed satisfactorily. Because of lower
than predicted propellant flowrates and mixture ratios during the high

EMR portion of S-II operation, PU step time was Tater than predicted by

15 seconds| but well within the allowable of + 50 seconds. S-II burn time
was approximately five seconds longer than predicted due to Tow propellant
flowrates and a lower than predicted reference mixture ratio (RMR) setting.
A11 supporting subsystems performed satisfactorily. However, some out-of-
band behavior did occur as discussed in Section 6.

The S-IVB Stage propulsion system performance was satisfactory throughout
S-IVB powered flight. The J-2 engine was successfully restarted in space
following the two revolution coast period. During first burn, based on
flight simulation results, the stage thrust and mass loss rate was 0.70
percent, and 0.72 percent Tower than predicted respectively, and the specific
impulse was 0.02 percent higher than predicted. During second burn, the
flight average thrust and mass Toss rate were 2.36 percent and 2.61 percent
higher than predicted respectively, while the flight average specific
impulse was 0.24 percent lower than predicted. Based on stage reconstruc-
tion results the first burn thrust and specific impulse were 0.971 and

0.08 percent lower than predicted and the second burn thrust and specific
impulse were 1.68 percent higher and 0.42 percent lower than predicted
respectively. The first burn time was 6.2 seconds longer than predicted.
This longer burn time can be attributed to Tower thrust, mass flow rate,
and separation velocity, combined with a higher initial mass flow rate,
and separation velocity, combined with a higher initial mass and a higher
separation altitude. A 15.18 seconds shorter second burn time was
primarily due to high EMR operation for the first 55 seconds of mainstage.
A1l supporting systems performed their functions satisfactorily. However,
the stage pneumatic control system leaked causing the control sphere
pressure to drop below regulator setting after the end of the mission.
Corrective action is under study. Out-of-band behavior on other systems
is discussed in Section 7.
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The Auxiliary Propulsion System (APS) performed satisfactorily with less
than 75 percent consumption of propellants. However, a marked deterioration
in thrust for APS engine ITy and I11 may have been experienced after space-
craft separation.

The hydraulic systems on all stages performed within predicted Tlimits, and
the entire system operated satisfactorily throughout the flight.

The structural loads and dynamic environment experienced by the AS-501 Taunch
vehicle were well within the vehicle structural capability. Vehicle loads,
due to the combined rigid body and dynamic longitudinal load and bending
moment, were well below 1imit design values. Tank pressures, compartment
pressures, and structural temperatures also remained within limit design
values. Vehicle dynamic characteristics followed the trends established

by preflight analyses. As predicted prior to launch, small thrust oscil-
Tations of magnitudes Tess than 0.1 percent of total thrust occurred in

the 4.5 to 5.5 hertz frequency range and excited the first longitudinal

mode to small amplitudes. However, no longitudinal instability phenomenon
occurred. Fin bending and torsional modes compared well with analytical
predictions. No fin flutter occurred. S-IC, S-II, and S-IVB stage vibrations
were as expected except for the inertial platform input vibrations which
exceeded the random test specification at 1iftoff. No adverse effects were
noted in platform performance due to vibration.

The navigation and guidance system of AS-501 performed satisfactorily
throughout boost phase of flight. The accumulation of velocity pulses

near 1iftoff as observed in the Z (cross range) axis during the AS-202
flight, did not occur in the X, Y, or Z axes during the AS-501 flight.
Gimbal angle reasonableness test failure, as observed in the X gimbal angle
on the AS-202 flight, did not occur on the AS-501 flight. Initial pitch,
yaw, and roll maneuvers were performed as expected. Shortly after S-II
stage ignition, a +1.3 degree ladder output was generated by the Launch
Vehicle Digital Computer/Launch Vehicle Digital Adapter (LVDC/LVDA) due to
a positive clockwise torque which developed a positive roll in the vehicle.
The positive roll rate was nulled out by the ladder command and a +1.3 degree
roll offset remained throughout S-II stage burn. At S-II stage engine
cutoff, the positive clockwise roll torque was removed. Cause of the roll
offset may be attributed to a combination of engine misalignment and center
of gravity offset.

Steering misalignment corrections were developed by the LVDC shortly after
Iterative Guidance Mode (IGM) initiation. From 11,595 seconds to 11,620
seconds, commanded (CHI) rates of a maximum 1.0 degree per second in positive!
pitch and negative yaw were commanded in response to fifth phase IGM cal-
culations. During this time, a positive roll torque on the vehicle was
observed. The roll reached a maximum value of 2.2 degrees at 11,617 seconds
range time and decreased to zero at 11,638.4 seconds when CHI rates reached
zero. A1l programed maneuvers were completed satisfactorily during AS-501
orbital guidance.
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The control system performed throughout flight as expected. Liftoff
transients and drift were well within expected tolerances. Vehicle 1ift-
off acceleration, however, was substantially less than predicted possibly
due to higher than expected soft release rod forces. During S-IC powered
flight the maximum values of attitude errors were 1.3 degrees in pitch,
and 1.0 degree in yaw and roll. Angles of attack in the Max Q region were
1.48 degrees pitch and 1.29 degrees yaw. The control system performance
during S-II Stage burn was as expected. The S-II control system responded
to the guidance commands to counteract the +1.3 degree roll offset. The
S-IVB stage engine control system performed satisfactorily during first
and second burns. Auxiliary Propulsion System (APS) attitude control
engine operation was nominal throughout burn and coast periods. S-IVB
control system activity during the initial portion of second burn was
greater than expected due to approximately 55 seconds of J-2 engine
operation at the high EMR thrust Tevels. Vehicle attitudes and rates
remained within design tolerances during S-IC/S-II, S-II/S-~IVB, and
S-IVB/SC separations.

A1l separation systems performed as required. S-IC/S-II separation and
associated sequencing was accomplished as planned with the S-IC retro motors
performing satisfactorily. Subsequent S«IC dynamics provided adequate
positive clearances between the stages following separation. Performance

of the S-II separation system was satisfactory with no anomalies noted.

The S-II ullage motors functioned as predicted within the required 1imits.
Photographic coverage provided evidence that S-II second plane separation
was satisfactory. The four retro motors mounted on the S-II stage performed
satisfactorily in separating the S-II and S-IVB stages. S-IVB ullage motor
performance was also satisfactory. Separation of the S-IVB stage from the
S-1I stage was accomplished as expected within the desired time period.
S-IVB attitude control was normal during S-IVB spacecraft separation.

The performance of all Taunch vehicle stage electrical systems was satis-
factory throughout the flight period. Battery voltages and currents were
satisfactory and remained within predicted tolerances. A1l battery
temperatures were indicated as falling within acceptable Timits.

Data indicated that the redundant Secure Range Safety Command Systems
(SRSCS) on the S-IC, S-II, and S-IVB stages were ready to perform their
functions properly on command if flight conditions had required and that
the safe-disconnect system responded properly to command. The performance
of the command and communications system in the Instrument Unit (IU) was
excellent.

The performance of the Emergency Detection System (EDS), which was flown in

the "open-Toop" configuration, was satisfactory. The automatic abort circuit
was deactivated in the spacecraft. No abort Timits were reached and no false
indications were sensed by the system. The sequential events all occurred at

the proper times.
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The vehicle pressure and acoustic environment was in general agreement with
predictions and well within the values to which the structure was designed.

The AS-501 vehicle thermal environment was generally less severe than that
for which the vehicle was designed.

The effectiveness of the insulation on the S-IC forward skirt in reducing
protuberance induced heating could not be determined due to large varijations
in the insulation thickness, The only suspected anomaly noted in the thermal
protection system appears to be the loss of a small section of the S-IC

base heat shield M-31 to the level of the open face honeycomb. However,
since the base region environment was substantially below the design level,
temperatures in this area did not exceed design limits.

A11 Environmental Control Systems performed satisfactorily. The S-IC forward
and aft conditioning systems maintained compartment and canister temperatures
within design Timits. S-IT forward and aft control systems maintained con-
tainer temperatures within mid-range of design Timits throughout prelaunch
and boost. Hydrogen and oxygen concentrations were well below the allowable
3 percent maximum. The S-IVB aft interstage control system maintained an
Auxiliary Propulsion System temperature within design 1imits. The Instrument
Unit control subsystem held pressures, temperatures and flow rates within

the required ranges except for the ST-124M internal ambient pressure which
did not decay to the specified Tower limit. This did not cause any platform
system operation problem and was not considered a failure. Also the IU
internal ambient temperature dropped below the redline limit prior to

liftoff but a waiver was obtained and no adverse effects were noted.

A redline change is being considered.

Of the 2687 measurements active at the start of the AS-501 automatic count-
down sequence, 45 failed in flight, resulting in an overall measuring
system reliability of 98.3 percent. The Airborne Telemetry System operated
satisfactorily including preflight calibrations, inflight calibrations,

and tape recorder operation. Performance of the RF systems including
telemetry, tracking, and command systems was good.
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SECTION 1
INTRODUCTION

1.1 PURPOSE

This report provides the National Aeronautics and Space Administration
(NASA) Headquarters, and other interested agencies, with the launch
vehicle evaluation results of the AS-501 flight test. The basic objective
of flight evaluation is to acquire, reduce, analyze, evaluate and report
on flight test data to the extent required to assure future mission
success and vehicle reliability. To accomplish this objective, actual
flight malfunctions and deviations must be identified, their causes
accurately determined, and complete information made available so that
corrective action can be accomplished within the established flight
schedule.

1.2 SCOPE

This report presents the results of the early engineering flight evaluation
of the AS-501 launch vehicle. The contents are centered on the performance
evaluation of the major launch vehicle systems, with special emphasis on
malfunctions and deviations. Summaries of launch operations and spacecraft
performance are included for completeness.

The official MSFC position at this time is represented by this report. It
will not be followed by a similar report unless continued analysis or new
information should prove the conclusions presented herein to be significantly
incorrect. Final stage evaluation reports will, however, be published by

the stage contractors. Reports covering major subjects and special subjects
will be published as required.
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SECTION 2
EVENT TIMES

2.1 SUMMARY OF EVENTS

The Time Base range times and the signal for initiating each Time Base are
presented in Table 2-1. The sequence and times of major events for AS-501
are listed in Table 2-2. Guidance Reference Release (GRR), which is Time
Base Zero (Tp), was initiated at 11:59:43.362 UT. Liftoff, the start of Time
Base T (T;), was determined from the Launch Vehicle Digital Computer (LVDC)
as having occurred 17,901 seconds after GRR, at 12:00:01.263 UT, thereby
establishing Range Zero as 12:00:01 UT. A1l times referenced in this
report, unless otherwise noted, are referenced to this time. First motion
of the vehicle occurred at -0.48 seconds and Tiftoff at +0.263 seconds.

The most significant deviations from predicted shown in the table are:

S-1T Engine Mixture Ratio (EMR) shift and second phase Iterative Guidance
Mode (IGM); S-IVB Chi Tilde () steering; S-IVB Engine Cutoff (ECO)
velocity, first burn; start of Time Base 5 (T5); coast period ON; IGM
termination and start Chi Tilde steering; start of Time Base 7 (T7);

coast period ON; and start Launch Vehicle (LV) and spacecraft (SC{
separation, Reasons for these time deviations are discussed in detail

in Sections 6, 7, and 10.

2.2 SEQUENCE OF EVENTS

Table 2-3 Tists the sequence of switch selector events. Range time is
calculated as the elapsed time, in seconds, from Range Zero time. Seven
switch selector functions were not verified during the boost phase because

of telemetry dropout at S-IC/S-II stage separation. However, the functions
did occur. Two switch selector functions were missed at the end of Te due

to early cutoff of S-1VB stage second burn. Switch selector events scheduled
to occur 0.1 second apart immediately after the start of a time base occurred
as much as 0.09 second late due to hardware design Timitations. The remain-
ing switch selector events have not been verified.

Table 2-4 lists inflight switch selector events activated by ground stations,
beginning at 15:07:22 UT.
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Table 2-1.

Time Base Summary

TIME BASE RANGE TIME SIGNAL START
SEC

(HR:MIN:SEC)

T0 -17.638 Guidance Reference Release

(-00:00:17.638)

T1 0.263 IU Umbilical Disconnect
(00:00:00.263)

T2 135.469 LVDC Monijtors IECO, S-IC
(00:02:15.469)

T3 150.769 QECO, S-IC
(00:02:30.769)

T4 519.759 ECO, S-II
(00:08:39.759)

T5 665.884 Velocity Cutoff, S-IVB
(00:11:05.884)

T6 11159.576 Restart Equation So1ut1‘on,§
(03:05:59.576) S-IVB

T7 11786.479 Velocity Cutoff, S-IVB
(03:16:26.479)
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Table 2-2.

Event Times Summary

EVENT RANGE TIME TIME FROM BASE
ACTUAL ACT~PRED ACTUAL PREDICTED
SEC SEC SEC SEC
(HR:MIN:SEC)
1. First Motion -0.48
-00:00:00.48
2. Range Zero 0.00
12:00:01 UT 00:00:00
3. Liftoff and Start 0.263 T1 0.000
of Time Base 1 (T]) 00:00:00.263
4. Begin Yaw Maneuver 1.263 0.263 1.000 1.000
00:00:01.263
5. End Yaw Maneuver 10.16 0.09 9.90 9.81
00:00:10.76
6. Start Roll 11.06 0.000 10.80 10.80
00:00:11.06
7. Start Pitch 11.06 0.000 10.80 10.80
00:00:11.06
8. End Rol11 31.99 1.65 31.73 30.08
00:00:31.99
9. Start of Time 135.469 0.000 T2 0.000
Base 2 (T2) 00:02:15.469
10. S-IC Inboard Engine| 135.52 0.04 0 0.04
Cutoff (IECO) 00:02:15.52
11. Tilt Arrest 145.07 0.60 9.60 9.00
00:02:25.